Aim: Vasodilator-stimulated phosphoprotein (VASP) expression is upregulated in human cancers and correlates with more invasive advanced tumor stages. The aim of this study was to elucidate the mechanisms by which matrine, an alkaloid derived from Sophora species plants, acted on the VASP protein in human gastric cancer cells in vitro. Methods: VASP was expressed and purified. Intrinsic fluorescence spectroscopy was used to study the binding of matrine to VASP. CD spectroscopy was used to examine the changes in the VASP protein secondary structure. Human gastric carcinoma cell line BGC823 was tested. Scratch wound and cell adhesion assays were used to detect the cell migration and adhesion, respectively. Real-time PCR and Western blotting assays were used to measure mRNA and protein expression of VASP. Results: In the fluorescence assay, the dissociation constant for binding of matrine to VASP protein was 0.86 mmol/L, thus the direct binding between the two molecules was weak. However, matrine (50 μg/mL) caused obvious change in the secondary structure of VASP protein shown in CD spectrum. Treatments of BGC823 cells with matrine (50 μg/mL) significantly inhibited the cell migration and adhesion. The alkaloid changed the subcellular distribution of VASP and formation of actin stress fibers in BGC823 cells. The alkaloid caused small but statistically significant decreases in VASP protein expression and phosphorylation, but had no significant effect on VASP mRNA expression. Conclusion: Matrine modulates the structure, subcellular distribution, expression and phosphorylation of VASP in human gastric cancer cells, thus inhibiting the cancer cell adhesion and migration.
Introduction
The occurrence of gastric cancer cases is rising rapidly. For patients with metastatic gastric cancer the survival rate is only 50%. Matrine, a natural alkaloid component that is derived from Sophora species plants and has a long history of being used in traditional Chinese medicine to treat inflammatory diseases and solid cancers, including gastric, liver, colon, lung, ovary, and breast cancers, and has been used in combination with chemotherapy or radiotherapy to reduce toxicity to normal cells [1] [2] [3] . In vitro and in vivo studies have demonstrated that matrine can inhibit the growth of various human tumor cell lines by promoting apoptosis through the upregulation of Bax expression and the downregulation of growth factor receptors such as Akt and nuclear factor-kappa B (NF-κB), which are involved in the epidermal growth factor (EGF)/vascular endothelial growth factor (VEGF)-VEGFR1-Akt-NF-κB signaling pathway. Preliminary studies also showed that matrine could exhibit antitumor activities by interrupting cell-cell adhesion and migration, indicating that matrine could potentially prevent tumor invasion and metastasis [4] [5] [6] [7] . Cell migration requires a coordinated series of events, including cell adhesion to the extracellular matrix and membrane protrusion and retraction in space and time, to generate a productive and net forward movement that is dependent on the assembly, disassembly or reorganization of the actin cytoskeleton [8] . The cytoskeleton protein vasodilator-stimulated phosphoprotein (VASP) is the initial member of the Enabled (Ena)/VASP family, the members of which are predominantly localized to the stress fibers, cell-matrix and cellcell adherent junctions, and highly dynamic membrane areas. It is now widely accepted that Ena/VASP proteins can influence the lengths of actin filaments as well as their apparent branching density within lamellipodia and that these proteins are required for the formation of filopodia [9, 10] . VASP activity is primarily regulated by phosphorylation, and the phosphorylation of VASP has been shown to be crucial to the regulation of cell adhesion and migration. Although three common target phosphorylation sites of the cGMP-dependent protein kinase/cAMP-dependent protein kinase have been identified in human VASP (Ser157, Ser239, and Thr278), Ser-157 is the preferred target for PKA.
A number of studies have focused on the roles of Ena/ VASP proteins in tumor development and progression [11] [12] [13] [14] [15] . VASP protein expression is upregulated in human lung carcinomas and breast cancers and correlates with more invasive advanced tumor stages; therefore, the inhibition of VASP expression and activity might interfere with tumor growth, invasion and metastasis.
Matrine has been reported to inhibit human cancer cell migration, adhesion and proliferation by inhibiting the phosphorylation of VASP [6, 8, [16] [17] [18] . However, the precise mechanism by which matrine acts directly on VASP remains unknown. In this study, the effects of matrine on the structure, subcellular distribution, transcription, and expression of VASP were investigated to explore a possible mechanism for the inhibitory effects of matrine on human gastric cancer cells.
Materials and methods

Chemicals and reagents
Matrine (Molecular weight: 248.364; No XHBZP-014) was purchased from Xi-an Xu-Huang Biotechnology Co, Ltd, China (Figure 1 ). The purity of this compound was greater than 98% as determined by HPLC analysis and reported by the supplier. Dulbecco's modified Eagle's medium (DMEM), fetal bovine serum (FBS), antibiotics, and trypsin were purchased from Gibco (Grand Island, NY, USA). Unless otherwise specified, all chemicals used in this study were purchased from Sigma (St Louis, MO, USA).
Protein expression, purification, and analysis
The full-length cDNA sequence of VASP was cloned into a pET-28a (+) vector. VASP was expressed in E coli Rosetta and was induced with 0.5 mmol/L isopropyl-1-thio-β-Dgalactopyranoside (IPTG) at 18 °C for 16 h. According to the previously described purification method [19] , the bacteria were harvested by high-speed centrifugation for 15 min and lysed in 50 mmol/L NaH 2 PO 4 , 300 mmol/L NaCl (pH 8.0), 10 mmol/L imidazole, 10 mmol/L β-mercaptoethanol, 1 mmol/L PMSF and a Protease Inhibitor Cocktail (Roche). The supernatant was batch-bound to a Ni-NTA resin (QIAGEN). The resin was washed twice with increasing concentrations of imidazole (20 mmol/L and 50 mmol/L) and was subsequently eluted with an elution buffer that contained 500 mmol/L imidazole. Each fraction was analyzed by sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE). A 2-3 mg amount of VASP was purified from 1 L of bacterial culture with this method. VASP stocks were stored in sodium phosphate buffer at 4 °C until protein analysis during the following week.
Intrinsic fluorescence spectroscopy
The intrinsic fluorescence spectroscopic experiments to investigate the interaction of matrine with VASP were performed at 25.0 °C on a LS-55 luminescence spectrometer (Perkin-Elmer Life Sciences, Shelton, CT, USA). An excitation wavelength of 295 nm was used for the intrinsic fluorescence measurements, and the emission spectra were recorded between 300 and 450 nm. The excitation and emission slits were both 10 nm, and the scan speed was 1000 nm/min. Six hundred microliters of VASP (0.35 μmol/L) were placed in a 1 mm thermostated quartz fluorescence cuvette and titrated with 9 mg/mL matrine with continuous stirring. The fluorescence measurements were performed on protein samples that had optical densities at 280 nm of less than 0.3 to avoid the inner filter effects [20] . The fluorescence of a control system, which consisted of buffer that was titrated with an equivalent amount of matrine, was also measured under the same conditions and the results were used to correct the observed fluorescence of the samples. Each spectrum was scanned three times to acquire the final fluorescence emission spectra. The plot was fitted to the fol- 
Circular dichroism (CD) spectroscopy
The far-UV CD spectra were measured in the 190-250 nm wavelength region (protein secondary structure) at 25.0 °C on a Jasco J-810 spectropolarimeter (Jasco Corporation, Tokyo, Japan) with a 0.1 cm path length cylindrical cell. The bandwidth was 1 nm and the response time was 1 s. VASP was thoroughly mixed with different concentrations of matrine in a NaH 2 PO 4 -Na 2 HPO 4 buffer (10 mmol/L, pH 7.4) and allowed to equilibrate thermally for 4 min prior to the CD measurements. Each sample spectrum was corrected by subtraction from the spectrum (baseline) that was recorded for buffer mixed with an equivalent concentration of matrine. The relative change in the α-helical content of VASP, represented by the relative change in the molar ellipticity of VASP at 222 nm, was calculated from the CD spectra [21] . Each spectrum is an average of three different scans that were obtained by collecting data at 0.1 nm intervals at a scan speed of 200 nm/min.
Cell culture
The human gastric carcinoma undifferentiated cell line BGC823 was obtained from the China Center for Type Culture Collection. The cells were maintained in complete DMEM that was supplemented with 10% FBS at 37 °C in an atmosphere of 5% CO 2 .
Scratch wound assay (two-dimensional cell migration assay) Cells were plated evenly at a density of 1×10 6 cells/mL in a 6-well plate and allowed to grow to 100% confluence. The cells were serum starved for 12 h before a wound was scratched across the monolayer of cells on the inner bottom of each well with a P-200 pipette tip. The cells were washed twice with phosphate buffer saline (PBS) to remove the cell debris, and serum-free DMEM with 10 μg/mL of mitomycin C and different concentrations of matrine (0, 50, and 100 μg/mL) was added to each well. Cells within the same fields were photographed at 0 and 24 h after the cells were scratched. The percentage of wound closure was calculated according to the following formula, in which S is the surface area of the wound field:
Percentage of wound closure=(S 0 h -S 24 h )/S 0 h ×100%
Cell adhesion assay
The 96-well plates were coated with 50 μL fibronectin (Fn; 20 μg/mL) or Matrigel (200 μg/mL; Becton-Dickinson, Heidelberg, Germany) at 37 °C for 2 h, washed twice with PBS and blocked with serum-free DMEM+2% BSA for 30 min at 37 °C. BGC823 cells were treated with different concentrations of matrine (0, 50, and 100 μg/mL) for 24 h at 37 °C in a humidified incubator supplemented with 5% carbon dioxide. The treated cells were subsequently harvested with 0.25% trypsin-EDTA, resuspended to a density of 1×10 5 cells/mL in serumfree DMEM medium and seeded into the previously coated 96-well plates at a volume of 100 μL per well. The cells were allowed to adhere to the plates for 1.5 h at 37 °C.
After the cells were gently washed twice with PBS to remove the non-adherent cells, 20 μL of 3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyltetrazolium bromide (MTT) were added to each well. The MTT was removed after a 4 h incubation and 200 μL of dimethylsulfoxide (DMSO) were added to each well. After 15 min, the optical density (OD) at 570 nm of each well was measured with a microplate reader. The experiments were performed three times. Control cells were not treated with matrine. The cell adhesion ratio was calculated according to the following formula:
Cell adhesion ratio=OD 570 treated group /OD 570 untreated group ×100%
Immunofluorescence confocal imaging Cells were seeded onto sterilized coverslips and incubated with treatments as described in the figure legends. Subsequently, the cells were fixed in PBS+4% formaldehyde for 10 min, permeabilized in PBS+0.2% Triton X-100 for 10 min, and blocked with PBS+5% BSA for 30 min. Cells were stained for VASP expression with a primary anti-total VASP (Alexis IE273) antibody (1:100 dilution) at 4 °C overnight and with a rhodamine-labeled secondary antibody (Jackson Immunoresearch, West Grove, PA, USA) for 1 h at room temperature. F-actin was stained with Alexa 488-Phalloidin (Invitrogen A12379, USA) for 40 min and cell nuclei were stained with Hoechst (Sigma Aldrich, USA). The coverslips were then mounted on slides with glycerol. The cells were visualized with a PE Ultra View VOX for fluorescence to detect the subcellular distribution of the actin cytoskeleton and VASP. The green fluorescence represents actin, the red fluorescence represents VASP, and the blue fluorescence represents the cell nucleus.
Semi-quantitative real-time PCR
Real-time PCR was used to perform a semi-quantitative analysis to examine the VASP expression levels after cells were exposed to matrine (0, 50, and 100 μg/mL) for 24 h. Total RNA was extracted from cells with TRIzol reagent (Invitrogen, USA), and 2 μg was used for first-strand cDNA synthesis with the RevertAid TM First Strand cDNA Synthesis Kit (Fermentas, LTU). The primers for human VASP were 5'-AAAGTCAGCAAGCAGGAGGA-3' and 5'-ATTCATCCTT-GGGGGTTTTC-3'. The primer set was amplified with increasing numbers of cycles of 95 °C for 15 s, 58 °C for 15 s, 72 °C for 45 s and a final extension of 72 °C for 5 min. The primers for β-actin were 5'-GTCCACCGCAAATGCTTCTA-3' and 5'-TGCTGTCACCTTCACCGTTC-3'. The semi-quantitative PCR was performed with the iCycler iQ Real Time PCR Detection System (Bio-Rad Laboratories, Inc, Hercules, CA, USA) in the presence of SYBR Green. All PCR reactions were run in triplicate and were repeated at least three times. The differences were calculated according to the ∆∆Ct relative quantization method; the β-actin gene was used for calibration.
Western blotting analysis
To identify the effects of matrine on the cellular expression levels of VASP protein, serum-starved cells were treated with matrine (0, 50, and 100 μg/mL) for 24 h. Cells were lysed directly in lysis buffer [1% Triton X-100, 50 mmol/L Tris-HCl (pH 7.4), 25 mmol/L glycerophosphate, 150 mmol/L NaCl, 2 mmol/L EDTA, 2 mmol/L EGTA, 1 mmol/L PMSF, 10% glycerol, protease and phosphatase inhibitors] for 10 min on ice. The lysates were scraped into microcentrifuge tubes and centrifuged at 14 000 r/min for 15 min at 4 °C. The supernatants were quantified with a BCA kit and equal amounts of protein were added to each lane of a 10% SDS-polyacrylamide gel. The proteins were separated by electrophoresis and transferred to polyvinyldifluoride (PVDF) membranes. The membranes were incubated with anti-total VASP (VASP-IE273, Alexis) and anti-phospho-VASP (Ser157; Santa Cruz Biotechnology, TX, USA) antibodies. Next, the membranes were washed with Tris-buffered saline with Tween 20 (TBST) and incubated with an alkaline phosphatase-conjugated secondary antibody (Promega Corp, WI, USA). The proteins were visualized by chromatogenous substrate reactions. The β-actin antibody was used as a loading control.
Statistical analysis
All results are presented as the mean±SEM. Statistical analyses of the data with equal variances were carried out by oneway or two-way analysis of variance (ANOVA), followed by Tukey's post hoc test where appropriate. A value of P<0.01 was considered very significant. A value of P<0.05 was considered statistically significant.
Results
Matrine affects the secondary structure of VASP VASP is known to regulate actin filament assembly and gathering and thereby to participate in various cell behaviors related to the actin cytoskeleton, such as adhesion, contraction and motility [22] [23] [24] [25] . To study the direct effect of matrine on VASP, the expression plasmid pET28a-VASP, which encodes the full-length human VASP, was constructed. The SDS-PAGE gel results that are shown in Figure 2A indicate that both the supernatant and the precipitate contained the VASP protein.
The purified proteins were eluted primarily with 500 mmol/L imidazole, and ultrafiltration was used to concentrate the proteins and replace the buffer. Only one bright electrophoretic band that corresponded to the collected fraction was observed, indicating that VASP was purified successfully.
To confirm the correct expression of VASP, the recombinant VASP was verified by Western blot analysis. As shown in Figure 2B , the collected fraction contained VASP as well as a small amount of p-VASP (Ser157). The purpose of expressing and purifying VASP was to study its structure. Tryptophan is a useful intrinsic probe because its emission fluorescence spectrum varies with the molecular environment of the side chain; disruption of the native protein structure leads to changes in the exposure of the tryptophan side chains to the solvent. Herein, the fluorescence emission spectra of the tryptophan residues in VASP were monitored following excitation at 295 nm. As shown in Figure 2C , when the concentration of matrine increased from 0 to 0.89 mmol/L, the fluorescence intensity of VASP decreased with no significant shift of the maximum fluorescence emission wavelength. A plot of the fluorescence intensity vs matrine concentration was approximately linear in this range ( Figure 2D ). The dissociation constant derived from the binding curve was 0.86 mmol/L, which indicated that the direct binding between matrine and the VASP protein was weak. Figure 2E shows the far-UV CD spectra of VASP with different concentrations of matrine at 25.0 °C. The far-UV CD spectrum of VASP in the absence of matrine exhibited two additional intense negative maxima at 222 and 208 nm, suggesting a significant presence of α-helical structure. At a matrine concentration of 50 μg/mL, the intense negative maximum at 222 nm was no longer apparent. However, a partial recovery of the two negative maxima was observed when the concentration of matrine was increased to 100-150 μg/mL. There was a significant loss of the far-UV CD signal at a matrine concentration of 200 μg/mL. Collectively, these results indicate that matrine can alter the secondary structure of VASP to some extent and that the secondary protein structure of VASP was most sensitive to 50 μg/mL of matrine.
Matrine inhibited BGC823 cell migration and adhesion
To study the effect of matrine on human gastric cancer cell migration, we analyzed the migratory behavior of BGC823 cells in a wound-healing assay. As shown in Figure 3A , significant cell migration was observed at the wound margin of the control group (no matrine) after 24 h. However, wound healing was not clearly observed in cells that were treated with matrine (50 and 100 μg/mL) for 24 h. Cell migration at the wound margins was markedly inhibited after 24 h of matrine treatment. The statistical data (mean±SD) shown in Figure 3B were obtained from four independent experiments. The percentage of wound closure was 28.7±3.5 in the control, and was significantly reduced in the cells treated with 50 and 100 μg/mL matrine (8.4±2.5 and 10.3±2.4, respectively, n=4, P<0.01).
The effect of matrine on the adhesion ratio of human gastric cancer cells was quantified with an MTT assay. Statistical data that corresponded to both Fn ( Figure 3C ) and Matrigel ( Figure 3D ) were obtained from four independent experiments (mean±SD). For cells that were treated with 50 μg/mL of matrine for 24 h, the cell adhesion ratio was significantly reduced with Fn and with Matrigel (P<0.01, P<0.05) relative to that of the control, which was arbitrarily set at 1 for each experiment. For cells that were treated with 100 μg/mL of matrine for 24 h, the cell adhesion ratio was significantly reduced with Fn (P<0.05) but not with Matrigel (P>0.05) relative to that of the control. These data indicate that cell Tables 1 and 2 .
Matrine affected the subcellular distribution of VASP and the formation of actin stress fibers The impacts of matrine on the subcellular distribution of VASP and F-actin were identified to further investigate how matrine inhibits cell migration and adhesion. In the control group, the concentration of F-actin was observed to be higher in the nucleus than in the cytoplasm. Additionally, the stress fibers gathered by F-actin were arranged predominantly in one direction. VASP was evenly distributed throughout the cell with no difference in concentration between the nucleus and cytoplasm. After treatment with 50 μg/mL of matrine, VASP was mainly distributed in the cytoplasm and the concentration of VASP was low in the nucleus. In the cell periphery, some irregular actin filaments were observed in the absence of stress fibers (Figure 4 ).
Matrine inhibited both the expression and the phosphorylation of VASP To further clarify the effects of matrine on VASP in BGC823 cells, the role of matrine on the transcription and expression levels of VASP was investigated. As shown in Figure 5 , 50 and 100 μg/mL of matrine had no significant influence on the level of VASP mRNA expression in BGC823 cells when compared with the untreated group. In Figure 6A , the band corresponding to 46 kDa is shown to be significantly reduced after matrine treatment, relative to the untreated group. The band that corresponded to 50 kDa in the control group was light in comparison to the same band in the PMA group. No obvious band was observed at 50 kDa in the matrine-treated groups. The values for the percent change in p-VASP (Ser157) and VASP expression were calculated by comparing the 50 or 100 μg/mL matrine or the 1.0 μg/mL PMA-stimulated samples to the untreated samples, which were arbitrarily set at 100% for each experiment. After the cells were treated with 50 or 100 μg/mL of matrine for 24 h, the expression levels of p-VASP (Ser157) were significantly reduced relative to those of the untreated group (P<0.01). VASP expression was clearly reduced in response to 50 or 100 μg/mL of matrine (P<0.05). All the data that contributed to the final analysis shown in Figure 6B are presented in Table 2 .
Discussion
Matrine, a natural compound, has been used as an anticancer herb in its long history due to its wide range of biological activities and low toxicity. Thus, it is necessary to explore Table 2 . Values for the percent change in p-VASP (Ser157) and VASP expression were calculated by comparing 50 and 100 μg/mL matrine or 1.0 μg/mL PMA-stimulated samples to untreated samples, which were arbitrarily set at 100% for each experiment. the molecular mechanisms by which matrine inhibits cancer cell adhesion, migration, and metastasis. The data presented in this study demonstrate that the direct binding between matrine and VASP is weak, that the most obvious change in the secondary structure of VASP was observed in response to a 50 μg/mL matrine treatment, that 50 μg/mL of matrine inhibited the migration and adhesion of human gastric cancer BGC823 cells and that 50 μg/mL of matrine changed both the subcellular distribution of VASP and the formation of actin stress fibers in BGC823 cells. Additionally, 50 μg/mL of matrine inhibited both the expression and the phosphorylation of VASP with no significant effects on the level of VASP mRNA expression in BCG823 cells. VASP is an actin regulatory protein with functions in cell migration and adhesion. The reorganization of actin structures is fundamental in driving cell migration and adhesion. The actin regulatory functions of VASP are highly sensitive to salt concentrations, which suggests that the phosphorylation of VASP could dramatically affect the actin regulatory activity. Of the three VASP conservative phosphorylation sites (Ser-157, Ser-239, and Thr-278), only the phosphorylation of Ser-157 led to a shift in the apparent molecular mass from 46 to 50 kDa, indicating that this phosphorylation might cause a change in the secondary structure of the molecule [26, 27] . Our data showed that the far-UV CD spectra that corresponded to the VASP secondary structure were sensitive to the concentration of matrine. In the absence of matrine, VASP had a significant amount of α-helical structure that was reduced when the matrine concentration reached 50 μg/mL and was partially recovered when the matrine concentration was increased to 100-150 μg/mL. There was a significant loss of the VASP secondary structure when the matrine concentration reached 200 μg/mL. The phosphorylation of VASP at Ser157 was also significantly inhibited in BGC823 cells by treatment with 50 μg/mL of matrine, demonstrating that matrine could affect the structure and function of VASP through the inhibition of VASP phosphorylation in these cells. These findings agree with previous reports describing the effects of matrine on other types of cancer cells [6, 8, 18, 28, 29] . Ena/VASP proteins display a conserved tripartite architecture that encompasses an N-terminal Ena/VASP homology 1 (EVH1) domain that is required for subcellular targeting, a central proline-rich domain that is implicated in the recruitment of profilin-actin complexes, and a C-terminal EVH2 domain that mediates tetramerization and interaction with globular (G) and filament (F) actins [28, 29] . VASP contains G-actin, profilin, and F-actin binding sites that allow VASP to act as an actin-barbed, end-binding protein and facilitates actin filament elongation. Studies of fibroblasts have shown that Ena/ VASP depletion leads to shorter actin filaments at the leading edge, relative to controls. Conversely, Ena/VASP overexpression leads to longer than normal filaments at the leading edge. VASP also facilitates actin filament bundling and may antagonize the formation of Arp2/3 complexes during the formation of branched actin networks. The association of Ena/ VASP proteins with actin filaments might either compete with Arp2/3 for binding sites near the barbed end or condition the filaments to inhibit branching or to promote debranching. Our immunofluorescence assay results demonstrated that treatment with 50 μg/mL of matrine changed both the subcellular distribution of VASP and the formation of actin stress fibers in human gastric cancer cells. Both actin stress fiber formation and cell migration correspond to VASP function. These observations further indicated that matrine could change the function of VASP in BGC823 cells at the same concentration that affected the secondary protein structure of VASP. Additionally, this might explain why matrine did not affect cancer cells in a dose-dependent manner, according to Ma et al [6] . VASP is highly expressed in vascular endothelial and smooth muscle cells, where it contributes to the stabilization of endothelial cell-cell contacts and improves vascular barrier functions. VASP expression is upregulated during vasculogenesis and angiogenesis. Several studies have reported that Dertsiz et al reported that VASP might be involved in lung adenocarcinoma proliferation through the regulation of intracellular F-actin formation, focal adhesion, and cell migration. The phosphorylation of VASP was thought to play an important role in cancer invasion and metastasis. Alterations in the regulatory reorganization of actin and decrease in migration and strength of cell-cell adhesion were observed in response to perturbations of VASP function [30] . Zhang et al found that matrine might inhibit HeLa cell adhesion and migration by decreasing the phosphorylation of VASP via the inhibition of PKA activity [8] . Our results from the two-dimensional cell migration assay and the cell adhesion assay demonstrated that treatment with 50 μg/mL of matrine could inhibit the migration and adhesion of BGC823 cells. Interestingly, the semi-quantitative real-time results revealed that matrine did not significantly affect the level of VASP mRNA expression in BGC823 cells; however, Western blot analysis clearly illustrated decreases in both the expression and phosphorylation of VASP in response to treatments with 50 or 100 μg/mL of matrine, indicating that matrine might induce the degradation of VASP protein at these concentrations through effects on the VASP secondary structure. However, this mechanism must be studied further.
In summary, we have revealed that the structure of VASP was sensitive to treatment with 50 μg/mL of matrine in both an aqueous solution and BGC823 cells. VASP functions, such as the promotion of actin stress fiber formation and cell migration, were also significantly inhibited by treatment with 50 μg/mL of matrine in BGC823 cells. Interestingly, the VASP secondary protein structure is sensitive to the concentration of matrine, and this finding might represent a novel mechanism by which specific doses of matrine selectively affect tumor cells.
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